On addition of soy bean phospholipid fraction to serum-free medium (TES medium), immunoglobulin producing myeloma MPC-11 cells could grow under stirring in the serum-free mediumalmost as well as in serum medium. This is the first success in culturing cells in stirred serum-free conditions. Technologically important parameters such as temperature, stirring velocity and aeration of the mediumwere also optimized in the serum-free stirred culture. These results will provide somefundamental knowledge for developing a large-scale suspension culture system especially for immunoglobulin producing cells.
Serum-free media for mammaliancell cultures1* are especially useful whenone wants to obtain and purify macromolecular substances secreted by the cells into the medium, since it is not required to removeserum proteins from the spent medium. We developed serum-free media2'3) in which myeloma MPC-ll cells could grow indefinitely and secrete immunoglobulin-G (IgG) as much as in serum medium. One of these media is composed of DME/F12 supplemented with transferrin, ethanolamine and selenite (TES medium), and thus simpler than other serum-free media.
With such a combination MPC-11 cells could be cultured in a dish on which the cells had settled. A preferable method which allows the large-scale cultivation for plasmacytomas including hybridomas is to culture them in a stirred suspension. Large-scale suspension cultures in serum media have been developed4~7)
successfully and put to practical use. However, the stirred suspension culture of any cell has not been tried in serum-free medium. It is now known that the DME/F12-TES combination can not be applied to the medium for a suspension culture such as one in a spinner flask.
In the present work, we tried to improve the serum-free TES medium so as to allow an agitated suspension culture of MPC-11 cells. Supplementation of soy bean phospholipid fraction to TES medium enabled culturing of the cells in the suspension culture. The growth rate in the defined medium was almost the same as that in serum medium.Active components in the soy bean phospholipid fraction were phosphatidyl ethanolamine and phosphatidyl glycerol. Some physical parameters such as temperature and agitation speed were important for optimizing the cell growth in the serum-free suspension culture in which the TESmediumwas supplemented with the phospholipid fraction of soy bean. With these findings it will be soon possible to culture MPC-1 1 cells in a large-scale and serum-free medium. The cost of the growth factor combination (TES-soy bean phospholipid) was compared with that of sera and the former was cheaper than the latter by factors of 0.03~0.08, in accordance with the quality of serum.
MATERIALS AND METHODS
Cells. Myeloma MPC-ll cells were obtained from G.
Sato (University of California, San Diego) and maintained in a serum-free 1 ; 1 mixture ofDulbecco's modified Eagle's mediumand Ham's F12 mediumcontaining 5 him Hepes, 1.2 g/liter NaHCO3and antibiotics (104 IU/liter penicillin and 90 mg/liter streptomycin) (SFFD), and supplemented with transferrin (5 /zg/ml), ethanolamine (20^m) and selenite (2.5 x 10~8m) (TES). Cells were cultured at 37°C in a humidified atmosphere of 5% CO2/95% air. These conditions are the same as those described before.3)
Cell growth in a spinner culture. A spinner flask (Wheaton #3,572,651) equipped with a marine type impeller was used for cultivation of cells. Thirty milliliters of medium was added to the flask with a 80ml head space. The cells (4 x 104/ml) were inoculated in the TES-SFFD preincubated in the flask at 37°C. The medium was allowed to settle without stirring first for 12hr, and then stirred at 120rpm. The head space of the flask was aerated with lOL/hr of humidified 5% CO2/95% air at 37°C to maintain the oxygen concentration in the medium at 3ppm. Unless otherwise stated, the above physical conditions were employed throughout all experiments. All cell culture experiments were performedwith the use of the same type of flasks (at most 6 flasks) which were aerated independently with a gas supplying device. Cell growth was measured by counting the cell number in 1 ml of cell suspension sampled every day. The cell number was determined with a Cell Counter (Toa-Iryo). Cellular viability was measured by the dye exclusion method using erythrosin.
Preparation of soy bean phospholipidfraction.
The phospholipid fraction was extracted from 5g of a soy bean lecithin preparation with 10 ml of cold chloroform.8) The extract was concentrated to 5ml by flashing N2 gas. The phospholipid was precipitated by addition of a mixture of 2ml ethanol containing 10% MgCl29) and 40ml acetone. The precipitate was spun downat 3,000 rpm for lOmin Phosphatidyl cholin and phosphatidyl ethanolamine were also purified by the same procedure from hen egg yolk phospholipid fraction. The quantity of each phospholipid was determined from the content of phosphorus by the method of King.l2)
SDS-gel electrophoresis. The gel electrophoresis was performed by the same procedure as described before3) to ascertain deposition of IgG which was secreted by MPCll cells into TES-SFFDmediumunder stirred culture conditions.
Chemicals. Crude lecithin preparations from soy bean and hen egg yolk, ethanolamine and sodium selenite were obtained from Wako Pure Chemicals. Humantransferrin was from Sigma. Synthetic media, DMEand F12 were product of Gibco.
RESULTS
Growth stimulation of MPC-ll cells by soy bean phospholipids in serum-free stirred cultures MPC-ll cells were cultured in a spinner flask. The medium was stirred at 120 rpm with a marine type impeller, and aerated with humidified 5% CO2/95% air at lOL/hr. The medium was kept at 37°C throughout cell cultures. With this condition the cells inoculated into serum mediumat the density of4 x 104/ml reached 1.5 x 106/ml after a 5 day culture ( jug/ml. At a higher concentration of the lipid fraction, up to as much as 5jUg/ml, the growth stimulating activity was somewhat decreased. The cells were continuously cultivated in the PTES medium stirred at 120 rpm, aerated at lOL/hr and heated at 37°C for as long as 25 days reducing the cell number to 4x 104/ml every 4 days.
Growth stimulating components in soy bean phospholipid
Growth stimulating activity of phospholipid componentsfrom soy bean and egg yolk were compared in spinner cultures (Table  I) .
Among seven componentsof soy bean phos- Physical parameters optimizing the cell growth in spinner cultures Effects of temperature, stirring and gas supply were checked to optimize the cell growth in a spinner flask. As shown in Fig. 2 , MPC-ll cells grew most rapidly at 37°C both in PTES and serum media. At a temperature of as low as 35°C, cellular growth was remarkably more retarded in PTES medium than in serum medium. In serum medium, correlation of cell growth vs. revolution speed of the impeller showed a bell jar type profile, having a broad peak between 100~120rpm (Fig. 3) . In PTES medium, the optimal revolution of the impeller was 120rpm and had less allowance of revolution than that in serum medium. The cell growth was influenced by conduction of the 5% CO2/95% air. The optimum gas supply was lOL/hr in a spinner flask having a 80ml head space and 30ml of either serum or PTES medium (Fig. 4) . Higher aeration of up to 25L/hr somewhat repressed the growth rate of MPC-ll cells. glycerol (e-PG) from egg yolk was as active as that from soy bean. This suggested that the low growth stimulating activity of egg yolk phospholipid was not due to the co-existence of some inhibitory substance in it but to the weak activity of e-PE and e-PG in the phospholipid. The reason why s-PE and s-PG were more active than e-PE and e-PG should be the difference of their chemical structures including the species of esterified fatty acids. Fatty acid bound to albumin is effective for gel electrophoresis showed that the same molecular species of immunoglobulin was also produced in the serumfree stirred conditions using PTES medium and easily separable from the spent serum-free medium (data not shown). The cost of the PTES mixture was compared with those of various types of sera added to SFFDat the concentration of 10% (v/v). As shown in Table  II , fetal bovine, new born calf and calf sera for a liter of mediumwas more expensive than the PTES mixture by factors of 30, 14 and 12, respectively. The stirred culture of MPC-ll cells in serum-free stirred conditions presented here is the first success in meeting the demand to develop a serum-free cell culture system applicable to large-scale production of such macromolecules as immunoglobulins.
